Introduction {#S0001}
============

Obstructive sleep apnea (OSA) is the most common sleep breathing disorder. It is characterized by repetitive cessation of airflow in the upper airways during sleep with consequent oxygen desaturations, fragmented sleep, and excessive daytime sleepiness.[@CIT0001] In an earlier study, 17% of adult Jordanians attending primary care clinics were at high-risk of having OSA, and the majority were not diagnosed.[@CIT0002] Coronary artery disease (CAD) is the leading cause of mortality in adults, and it remains responsible for about one-third or more of all deaths in individuals over age 35 years.[@CIT0003],[@CIT0004] Epidemiological studies have shown a strong association between OSA and hypertension and metabolic syndrome as major risk factors for CAD. Moderate-to-severe OSA has been shown to increase the risk and mortality from cardiovascular diseases (CVD), including fatal and non-fatal CAD.[@CIT0005]--[@CIT0007]

OSA has been associated with increased morbidity and mortality and increased risk of cardiovascular events including CAD, atrial fibrillation, and stroke.[@CIT0008]--[@CIT0011] More specifically, the estimated prevalence of OSA in patients with CAD ranges between 26% and 69%.[@CIT0012] In Saudi Arabia, the overall prevalence of OSA was 56.4% in patients with CAD.[@CIT0013] Moreover, poor and fragmented sleep in subjects with OSA may result in cognitive impairment,[@CIT0014] and increased risk of road traffic accidents.[@CIT0015] Despite the significant impact of OSA on the affected individuals, it is still largely underdiagnosed and undertreated.[@CIT0002],[@CIT0016]

There is a scarcity in the studies that assess the risk of OSA among patients undergoing coronary catheterization (CATH). Therefore, this study aimed to use a validated sleep screening questionnaire to describe the prevalence of symptoms of OSA and to estimate the risk of OSA in patients undergoing CATH. Identifying subjects at high-risk of OSA will facilitate proper referral for a diagnostic sleep study, and initiate appropriate therapy.

Materials and methods {#S0002}
=====================

Study design and setting {#S0002-S2001}
------------------------

A cross-sectional descriptive study was conducted among patients who were planned to undergo CATH at Princess Mona Cardiac center, King Abdullah University Hospital, Irbid, Jordan. The center includes two CATH units and a cardiac surgery unit. This study was approved and conducted in accordance with the Declaration of Helsinki and the ethical standards of the Institutional Review Board of Jordan University of Science and Technology, Irbid, Jordan.

Sample and sampling technique {#S0002-S2002}
-----------------------------

A convenient sampling method was used to recruite a convenience sample of adult patients (≥18 years old) who were planned to undergo CATH from April to June 2017. Screening was done during the initial evaluation for the CATH (n=480), and 82 patients were excluded for unstable condition, emergency CATH during the off hours and the weekends, and those with incomplete questionnaire items. The power analysis calculation indicated that a minimum of 375 patients was required, with the confidence interval of 4%, 95% confidence level, and estimated number of 1,000 patients admitted annually to the hospital and underwent CATH. An additional 23 participants were added to have 398 patients in the final sample size.

Data collection procedure {#S0002-S2003}
-------------------------

All participants who met the eligible criteria were invited to participate in the study and to complete the consent form. Patients who agreed to participate were asked to fill the study questionnaire before the CATH was performed and during a face-to-face interview by the primary investigator. The Arabic version of Berlin sleep questionnaire was used.[@CIT0017] The original version was adopted and validated as a self-report screening instrument for OSA.[@CIT0018] It consists of ten questions, divided into three categories. The first category addresses the presence of snoring, its loudness, frequency, whether it bothers other people, and the frequency of witnessed apnea. The second category addresses the frequency of feeling tired or fatigued after sleep and during wake time, and the tendency and frequency to falling asleep while driving a vehicle. The third category addresses the presence of hypertension and obesity \[body mass index (BMI) ≥30 kg/m^2^\]. The validated scoring system of the questionnaire was used to stratify patients into either "low-risk" or "high-risk" for having OSA.[@CIT0018] Subjects who scored positive in two or more categories were considered as "high-risk" for OAS, otherwise they were considered "low-risk". The findings of the CATH were reported by the interventional cardiologist, and CAD was defined as having at least one coronary vessel with \>50% intraluminal stenosis.

Statistical analysis {#S0003}
====================

Data were analyzed using IBM Statistical Package for Social Sciences software (SPSS) for Windows, Version 24.0 (IBM Corp, Armonk, NY). Data were described using means (M) and standard deviation (SD) for continuous variables, and the number and percentages for categorical variables. Differences between categorical values were analyzed using chi-square test. Independent *t*-test was used to compare means of continuous variables. Multivariate logistic regression analysis was performed to identify potential association between CAD and risk of OSA. A *P*-value of \<0.05 was considered statistically significant.

Results {#S0004}
=======

During the study period, 398 were included in the analysis. Mean age was 58.7 years (SD=10.7) (range=21--92 years), and 273 (68.6%) were males. Most of the participants had hypertension (66.6%), and 28.6% were obese. A total of 265 patients (66.6%) were found to have CAD. Their demographics and clinical characteristics are shown in [Table 1](#T0001){ref-type="table"}.Table 1Demographics of the study population according to obstructive sleep apnea risk stratification (n=398)CharacteristicsAll (n=398)OSA\
High-Risk (n=176)OSA\
Low-Risk (n=222)*P*-valueAge (years), M±SD58±10.758.92±9.9257.19±11.200.108Body mass index, M±SD28.50±4.1329.43±4.1727.67±3.93\<0.001Male gender273 (68.6)116 (65.9)157 (70.7)0.304Cigarettes smoking210 (52.8)92 (52.3)118 (53.2)0.861Hypertension237 (59.5)139 (79.0)98 (44.1)\<0.001Diabetes mellitus162 (40.7)76 (43.2)86 (38.7)0.370[^1]

Based on the Berlin questionnaire scoring criteria, 176 patients (44.2%) were at high-risk for OSA. Snoring was reported by 60%, and described as loud in 25% and frequent in 37%. Witnessed apneas were reported less (7.8%). Daytime sleepiness was reported by 35.9%, and 13% reported falling asleep while driving. [Table 2](#T0002){ref-type="table"} describes the findings of all items of the Berlin Questionnaire according to CAD status. There were no significant differences in the prevalence of all items of the BSQ between patients with CAD or without CAD.Table 2The findings of the Berlin Sleep Questionnaire and coronary artery disease status (n=398)All (n=398)CAD (n=265, 66.5%)No CAD (n=133, 33.5%)*P*-valueSnoring239 (60.0)160 (60.4)79 (59.40)0.941Loud snoring99 (24.87)68 (25.66)31 (23.30)0.686Frequent snoring148 (37.18)104 (39.24)44 (33.10)0.146Witnessed apneas31 (7.8)20 (7.5)11 (8.3)0.799Tired or fatigued after sleep148 (37.2)103 (38.9)45 (33.8)0.327Daytime sleepiness143 (35.9)91 (34.3)52 (39.1)0.351Falling asleep while driving51 (12.81)33 (12.45)18 (13.53)0.838Category I178 (44.7)125 (47.2)53 (39.8)0.166Category II126 (31.7)84 (31.7)42 (31.6)0.981Category III281 (70.6)184 (69.4)97 (72.9)0.470High-risk for OSA176 (44.2)119 (44.9)57 (42.9)0.698[^2]

Multivariate logistic regression analysis was performed to identify any potential association between risk of OSA and having CAD. Odds ratio (OR) was adjusted for risk factors of CAD including age, male gender, diabetes mellitus, and cigarettes smoking. There was no significant association between OSA and CAD, (adjusted OR=0.93, 95% CI=0.60--1.44, *P*=0.752) ([Table 3)](#T0003){ref-type="table"}.Table 3Multivariate logistic regression model of the association between risk of OSA and coronary artery disease adjusted for major risk factors for coronary artery diseases (n=398)VariableAdjusted Odds Ratio\
(95% CI)*P*-valueAge (years)1.03 (1.01--1.05)0.003Male gender2.72 (1.62--4.58)\<0.001Diabetes mellitus1.45 (0.91--2.29)0.117Cigarettes smoking0.92 (0.55--1.53)0.746OSA (high-risk)0.93 (0.60--1.44)0.752[^3]

Discussion {#S0005}
==========

This study used the well-known Berlin sleep questionnaire to describe symptoms and risk of OSA among patients undergoing CATH. Nearly half of these patients were at high-risk of having OSA. Major symptoms of OSA (snoring and daytime sleepiness) were also common. However, the results did not show a significant association between risk of OSA and the presence of CAD.

Our findings are consistent with previous reports of high prevalence of OSA in patients with CAD compared with the general population. The estimated risk for OSA in the US general population is 5--15%.[@CIT0019],[@CIT0020] In Jordan, 16.8% of individuals attending primary care were at high risk for OSA, 28.7% reported having snoring, and 34% had daytime sleepiness.[@CIT0002] The prevalence of OSA is higher among patients with CAD (26--69%).[@CIT0012] Similarly, a regional study from Saudi Arabia showed high prevalence of OSA among patients with CAD, with 82% of their patients at risk of OSA and 56.4% had polysomnography confirmed OSA.[@CIT0013] Our study showed similar results, with almost one in two patients with angiographically proven CAD at high-risk for OSA. Also, the main symptoms of OSA were similarly common. However, there was no difference in the prevalence of symptoms and risk of OSA between those with and without angiographic evidence of CAD. The lack of this association can be partly explained by the nature of the "no CAD" group. They were individuals with multiple risk factors of CAD with subclinical and minimal coronary stenosis. Previous studies have shown an increased risk of OSA among these individuals in the absence of clinically significant CAD.[@CIT0021],[@CIT0022] Also, patients with acute coronary syndrome who tend to have higher prevalence of OSA (63--82%) were not included in this study, which may have contributed to the lower prevalence of OSA than previously reported.[@CIT0023] Another contributing factor may be related to the underpowered cross-sectional design of this study. Longitudinal studies on the impact of OSA on CAD have shown mixed results. OSA diagnosed early after revascularization was an independent predictor of adverse cardiac events after 2-years of follow-up.[@CIT0024] On the other hand, 1-year after adequate revascularization, the outcome of patients with acute coronary syndrome who had OSA was favorable and like those without OSA.[@CIT0025] Finally, a large longitudinal study followed adults with OSA who did not have CAD or heart failure for 7.7--9.3 years, and showed that only men aged ≤70 years had an adjusted increase in incident CAD.[@CIT0026]

The increasing evidence of the association between OSA and increasing age, male gender, obesity, and hypertension may indicate that increasing numbers of undiagnosed OSA are to be expected among patients undergoing CATH.[@CIT0016] Indeed, our patients population were mostly older obese males. Implementing a screening protocol for OSA in patients planned for CATH may be a cost-effective way of identifying patients that should be referred for proper diagnosis using polysomnography. In one study, 70% of high risk patients were confirmed to have OSA by polysomnography.[@CIT0013] Even in the absence of a cardiovascular comorbidity, OSA is a disorder with associated increased morbidity and mortality and, hence, high-risk subjects should be referred for proper diagnosis before starting proper therapy.[@CIT0027]

This study has some limitations that should be mentioned. The cross-sectional study design and convenience sampling may affect the external validity of the findings. Also, limiting the study to Jordan may create a threat to the generalizability of the results. Therefore, larger two-step studies (screening followed by polysomnography for the high risk group) may be needed.

Conclusion {#S0006}
==========

Symptoms and risk of obstructive sleep apnea were common among adult Jordanians undergoing coronary catheterization. There was no association between the risk of obstructive sleep apnea and coronary artery disease. Larger studies are needed to assess the role of screening for obstructive sleep apnea in this patient population.
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[^1]: **Abbreviation:** OSA, obstructive sleep apnea.

[^2]: **Abbreviations:** CAD, coronary artery disease; OSA, obstructive sleep apnea.

[^3]: **Note:** Risk factors for coronary artery disease.
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